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Description 

BACKGROUND OF THE INVENTION 



[0001] The present invention relates to a mass spec- 
trometry of a solution and particularly to a mass spec- 
trometer for analyzing substances in a solution and an 
apparatus for combining a liquid chromatograph used 
for separation and analysis of a mixed sample and the 
mass spectrometer. 

[0002] At present, development of a mass spectrom- 
etry of biological substances is regarded as important 
in the field of analysis. Biological substances are gen- 
erally dissolved in a solution as a mixture, so that an 
apparatus for combining a means for separating a mix- 
ture and a mass spectrometer is under development As 
a typical apparatus of this method, there is a liquid chro- 
matograph - mass spectrometer (hereinafter abbreviat- 
ed to LC/MS) available. A liquid chromatograph (here- 
inafter abbreviated to LC) is superior in separation of a 
mixture but cannot identify each substance, whereas a 
mass spectrometer (hereinafter abbreviated to MS) is 
highly sensitive and superior in identification ability but 
not suitable to analysis of a mixture. Therefore, an LC/ 
MS using an MS as an LC detector is very useful in anal- 
ysis of a mixture. 

[0003] The LC/MS using the conventional atmospher- 
ic pressure chemical ionization method which is dis- 
closed in Japanese Patent Application Laid-open 
5-325882 will be explained hereunder by referring to 
Fig. 9. 

[0004] A sample solution eluted from a liquid chroma- 
tograph 14 is introduced into a metallic tube 3 via a pipe 
1 and a connector 2. The sample solution comprises a 
sample and a mobile phase (a buffer solution which 
flows into the separation column when the sample is 
separated in the LC). However, for the purpose of im- 
proving the ionization efficiency in the ion source (ac- 
cording to the present invention, it means a portion for 
converting a substance to be analyzed existing in the 
liquid phase to ions in the gas phase and includes a 
spray portion for spraying a solution, a vaporization por- 
tion for vaporizing droplets generated by the spray por- 
tion, and an ionization portion for ionizing a substance), 
a solvent different from the mobile phase may be added. 
The metallic tube 3 is embedded in a metallic block 4a. 
When the metallic block 4a is heated by a heating 
means such a heater, a sample solution introduced in 
the metallic tube 3 is sprayed. Fine droplets generated 
by spraying are introduced and vaporized in the vapor- 
ization portion 5 comprising a heated metallic block 4b. 
Sample molecules vaporized in the vaporization portion 
5 are introduced into the ionization portion 6. A needle 
electrode 7 is installed in the ionization portion 6. When 
a high voltage is applied to this needle electrode 7 from 
a high voltage source 8a, a corona discharge is gener- 
ated in the ionization portion 6. 

[0005] Assuming A as sample molecules to be ana- 
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ryzed and B as molecules of reaction gas, the atmos- 
pheric pressure chemical ionization method is a method 
for ionizing A by a chemical reaction of A and B. As a 
typical ion chemical reaction, there are a protonation re- 
5 action and a deprotonation reaction available as shown 
below. 



A + BH + -» AH+ + B (Protonation reaction) 



70 



A + B" -» (A - H)*+ BH (Deprotonation reaction) 

[0006] According to the prior art shown in Fig. 9, hy- 
is dronium ions (H 3 0+) are generated when a corona dis- 
charge is generated in the atmosphere and ions AH+ of 
the sample A are generated by using the following re- 
action between the hydronium ions and the sample mol- 
ecules A, 

20 



A + h 3 ct 



. AH + + H 2 0 



[0007] Ions of the sample generated by chemical ion- 

2£ ization in the ionization portion 6 are deflected in trajec- 
tory by a voltage applied to a deflection electrode 31 by 
a power source 30 and drifted toward ah ion introduction 
aperture 9a. The ions fetched by the ion introduction ap- 
erture 9a are introduced into a high vacuum portion 1 2 

30 which is exhausted in a high vacuum by an exhaust sys- 
tem 10b via a differential pumping portion 11 which is 
evacuated by an exhaust system 10a and an ion intro- 
duction aperture 9b. When ions and solvent molecules 
are fetched from the ion introduction apertures 9a and 

35 9b, they are cooled by adiabatic expansion, so that so- 
called clustering for condensing the ions and solvent 
molecules again is caused. To prevent the clustering, 
the electrodes having the ion introduction apertures 9a 
and 9b are heated. The mass of ions introduced into the 

40 vacuum is analyzed by a mass spectrometry portion 1 3. 
Nonvolatile compounds that are not ionized in the ioni- 
zation portion 6 are diffused in the atmosphere and cap- 
tured by a capture plate 32. 

[0008] An LC/MS using the conventional electrospray 
45 method which is disclosed in Japanese Patent Applica- 
tion Laid-Open 6-102246 will be explained by referring 
to Fig. 10. A sample solution eluted from the LC is intro- 
duced in the metallic tube 3 via the pipe 1 and the con- 
nector 2. A high voltage is applied between the metallic 
50 tube 3 and an electrode 21c having the ion introduction 
aperture 9a by using a high voltage source 8b and the 
sample solution is electrostatically sprayed. To assist 
electrospray, gas such as nitrogen gas is let flow from a 
spray gas outlet 40. When fine charged droplets gener- 
is ated by electrospray are vaporized, gaseous ions are 
generated. However, the diameter of droplets at the 
center of the jet is large and it is difficult to vaporize drop- 
lets with a large diameter, and furthermore when drop- 
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lets with a large diameter are adhered to the electrode 
21c, the temperature of the electrode 21c lowers and 
the ion intensity obtained in the mass spectrometric por- 
tion may vary. Therefore, a shielding plate 41 for shield- 
ing the center of the Jet is installed between the metallic 
tube 3 and the electrode 21c and the outer periphery of 
the jet is sprayed toward the ion introduction aperture 
9a. Generated ions are introduced into the high vacuum 
portion 12 via the ton introduction aperture 9a, the dif- 
ferential pumping portion 11, and the ion introduction ap- 
erture 9b and analyzed by the mass spectrometer in- 
stalled in the high vacuum portion 12. 
[0009] For analysis of biological substances and en- 
vironmental contaminants, a method for analyzing a 
sample solution containing nonvolatile compounds of 
high concentration is required. 

[0010] For example, in the LC, the mobile phase in- 
cluding a nonvolatile salt is often used experientially so 
as to enhance the separation ability and the reproduci- 
bility of the retention time. As a result, a method for an- 
alyzing a sample solution containing a nonvolatile salt 
is desirable for a detector of the LC. 
[0011] Nonvolatile compounds are contained in not 
only samples obtained from a living matter such as 
urine, perspiration, and blood but also samples relating 
to the environment such as effluents from a factory and 
water of a lake or marsh. To remove nonvolatile com- 
pounds from these collected samples, a complicated 
pretreatmenl such as desalting is required. Therefore, 
to analyze biological substances and environment con- 
taminants briefly, a method for analyzing a sample so- 
lution containing nonvolatile compounds is required. 
[0012] However, in a mass spectrometric apparatus 
using the conventional atmospheric pressure chemical 
ionization method show in Fig. 9, when a sample solu- 
tion containing nonvolatile compounds of high concen- 
tration is introduced into the ion source of the mass 
spectrometric apparatus comprising an ion source, a dif- 
ferential pumping portion, and a mass spectrometric 
portion, a problem arises that ions of a substance to be 
analyzed cannot be analyzed stably for many hours. 
The reason is that since the sample solution is sprayed 
by using the heated metallic tube, solvent molecules are 
vaporized in the tube and nonvolatile compounds are 
salted out on the inner wall of the tube. The inner diam- 
eter of the metallic tube becomes smaller because non- 
volatile compounds are salted out on the tube wall and 
the metallic tube clogs up finally. Therefore, the spray 
status varies with time, so that the ion generation in the 
ionization portion is adversely affected. 
[0013] When fine droplets containing nonvolatile 
compounds are adhered to the neighborhood of the ion 
introduction aperture installed between the ion source 
and the differential pumping portion, solvent molecules 
are vaporized and nonvolatile compounds are salted out 
around the aperture. In the conventional apparatus 
shown in Fig. 9 : by installing the capture plate on the ion 
side, a method for salting out nonvolatile compounds 



contained in droplets adhered to the capture plate on 
the capture plate is used so as to reduce salting out of 
nonvolatile compounds around the aperture. However, 
it is actually difficult to capture all droplets sprayed in the 
s atmosphere on the capture plate and a part of droplets 
is diffused in the atmosphere and reaches around the 
aperture. Therefore, if the analysis is continued for many 
hours, an actual problem arises that salted nonvolatile 
compounds clog up the aperture and ions cannot be 
io fetched by the mass spectrometric portion. 

[001 4] As an example of a sample solution containing 
nonvolatile compounds, a case that a sodium phos- 
phate water solution having a concentration of 20 milli- 
mol/liter (hereinafter described as a phosphoric acid 
15 buffer) is introduced into the ion source at a flow rate of 
50 micro liter per minute will be described hereunder. A 
phosphoric acid buffer is a mobile phase whicn is often 
used in a detector other than the MS, for example, an 
LC having an ultraviolet absorption detector. When a 
conventional LC/MS uses a phosphoric acid buffer, the 
observed ion intensity starts lowering within about 30 
minutes after start of analysis and lowers down to about 
1/10 when one hour elapses, and the continuation of 
analysis becomes difficult. 

[0015] Whether a problem that the metallic tube or ap- 
erture clogs up due to salting out of nonvolatile sub- 
stances arises or not depends on the kind of nonvolatile 
substances and the total amount (namely, the concen- 
tration of nonvolatile substances and the flow rate of the 
sample solution) introduced into the ion source. For ex- 
ample, when substances are analyzed at a flow rate of 
1 micro liter per minute continuously for several hours 
using a phosphoric acid buffer having a concentration 
of 10 millimot/liter, the ion intensity observed by the 
mass spectrometer may reduce. 
[0016] Even in the apparatus using the conventional 
eleclrospray method shown in Fig. 10, the outer periph- 
ery of a jet is sprayed toward the ion introduction aper- 
ture, so that a part ol droplets generated by spray reach- 
es in the neighborhood of the ion introduction aperture. 
Therefore, when a sample solution containing nonvola- 
tile compounds of high concentration is introduced into 
the ion source, there is a possibility that the ion intro- 
duction aperture clogs up with nonvolatile compounds 
salted out by vaporization of droplets. Therefore, in the 
same way as with an apparatus using the atmospheric 
pressure chemical ionization method shown in Fig. 9, a 
problem arises that if the analysis is continued for many 
hours, the aperture clogs up and ions cannot be fetched 
by the mass spectrometric portion. 
[0017] For the aforementioned reason, an apparatus 
having an ion source for allowing stable analysis for 
many hours even if a solution containing nonvolatile 
compounds of high concentration is introduced is re- 
quired. 

[0018] From US-A-4,209,696 the leatures of the first 
parts of claims 1 and 15 are known. This document dis- 
closes a mass spectrometric apparatus for mass anal- 



25 



30 



35 



40 



4$ 



50 



EP 715 337 



•Page 4 of 20 ? 



EP 0 715 337 B1 



6 



ysis of molecular con-stituents of liquid wherein in the 
first ionisation step an electro-epray technique produces 
charged droplets and in the second ionisation step an 
electron gun causes Ionisation of gaseous molecules of 
said charged droplets. Both ionisation steps are carried s 
out under high vacuum. 

SUMMARY OF THE INVENTION 

[0019] An object of present invention is to enable an to 
analysis of a sample solution containing non-volatile 
compounds. 

[0020] This object is met by an apparatus according 
toclaiml and a method according to claim 15. Preferred 
embodiments are disclosed in the dependent claims. ts 
[002 1 ] According to an embodiment of the present in- 
vention, the following steps are carried out : Introducing 
a sample solution containing nonvolatile compounds 
sent to the ion source into the metallic tube, spraying 
the sample solution by electrospray at a high voltage so 
applied between the metallic tube and the electrode ex- 
ternally installed, ionizing gaseous sample molecules 
obtained by vaporizing obtained droplets by chemical 
reaction, and analyzing ions of sample molecules by the 

MS. 25 

[0022] Namely, the present invention is characterized 
in the method and constitution that nonvolatile com- 
pounds contained in a sample solution are ionized by 
the first ionization means and removed by the electric 
field, and then a substance contained in the sample so- 30 
lution to be analyzed is ionized by the second ionization 
means, and ions of the target substance are analyzed 
by the spectrometric portion. 

[0023] Since a sample solution sent to the ion source 
is sprayed by electrospray, no nonvolatile compounds 35 
will be salted out by vaporization of solvent molecules 
and the metallic tube can be prevented from clogging. 
[0024] Electrospray is a method for collecting ions in 
a solution on the liquid surface by the electric field and 
crushing the solution by the force of repulsion acting be- *o 
tween ions so as to. generate fine charged droplets. 
When charged droplets obtained by electrospray are va- 
porized, ions existing in the solution can be fetched in 
the gas phase. Therefore, some of nonvolatile com- 
pounds which exist in the solution as ions can be con- 4$ 
verted to gaseous ions by electrospray. Ions generated 
by electrospray are drifted by the electric field between 
the metallic tube and the metallic block constituting the 
vaporization portion and captured by the metallic block 
or the trajectory thereof is curved by the potential ap- 
plied to the needle electrode installed in the ionization 
portion, so that they cannot reach the ion introduction 
aperture. Therefore, no nonvolatile compounds will salt 
out around the ion introduction aperture and the aper- 
ture will not be clogged out. 

[0025] A substance to be analyzed which is not ion- 
ized in the solution is not converted to gaseous ions by 
electrospray but diffused in the atmosphere as gaseous 



molecules which are electrically neutral and reaches the 
ionization portion. In the ionization portion, tons of the 
substance to be analyzed are generated by a corona 
discharge generated by the needle electrode and chem- 
ical ionization reaction caused by it. Ions of the sub- 
stance to be analyzed are fetched and analyzed by the 
mass spectrometric portion in a vacuum via the ion in- 
troduction aperture. 

[0026] A nonvolatile salt which is represented by so- 
dium phosphate is dissociated in a solvent such as wa- 
ter and exists as ions. Therefore, the LC/MS of trie 
present invention can use a mobile phase containing a 
nonvolatile salt which is represented by a phosphoric 
acid buffer though it is conventionally difficult to use for 
many hours. 

BRIEF DESCRIPTION OF THE DRAWINGS * 
[0027] 

Fig. 1 is a schematic view showing the constitution 
of a mass spectrometric apparatus using an elec- 
trospray method as a first ionization means and a 
chemical ionization method as a second ionization 
means which is an embodiment of the present in- 
vention; 

Fig. 2 is an illustration for explaining the embodi- 
ment shown in Fig. 1 in detail; 
Fig. 3 is a schematic sectional view showing an em- 
bodiment in which the end of the metallic tube is 
placed in the volatilization portion and a sample so- 
lution is directly sprayed toward the metallic block; 
Fig. 4 is a schematic sectional view showing an em- 
bodiment in which a shielding plate for preventing 
large droplets from splashing and reaching the ion- 
ization portion is installed; 

Fig. 5 is a schematic sectional view showing an em- 
bodiment in which irradiation of infrared light is used 
as a vaporization method of the vaporization por- 
tion; 

Fig. 6 is a schematic sectional view showing an em- 
bodiment in which a sample solution is sprayed per- 
pendicularly to the center axis of the ion introduction 
aperture; 

Fig. 7 is a schematic sectional view showing an em- 
bodiment in which a pan for collecting droplets is 
used; 

Fig. 8 is a schematic sectional view showing an em- 
bodiment in which a gas spray ionization method is 
used as a first ionization means; 
Fig. 9 is a schematic view showing the constitution 
of a liquid chromatograph - mass spectrometer us- 
ing the conventional atmospheric pressure chemi- 
cal ionization method; 

Fig. 10 is a schematic sectional view showing the 
constitution of a liquid chromatograph - mass spec- 
trometer using the conventional electrospray meth- 
od; 
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Fig. 11 is a graph showing a change with time of the 
ion intensity obtained by a mass spectrometer using 
the conventional atmospheric pressure chemical 
ionization method; and 

Fig. 12 is a graph showing a change with time of the 
ion intensity obtained by the mass spectrometer of 
the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0028] Fig. 1 is a schematic view showing the consti- 
tution of the mass spectrometric apparatus of the 
present invention. A sample separated by a liquid chro- 
matograph 14 is sprayed by an electrospray portion 15 
together with the mobile phase. Droplets obtained by 
spray are promoted in vaporization in a vaporization por- 
tion 5. Gaseous sample molecules generated by the va- 
porization portion 5 are ionized by chemical reaction in 
an ionization portion 6. Ions of the sample generated by 
the ionization portion 6 are introduced into an ion intro- 
duction aperture 9b and a high vacuum portion 12 which 
is exhausted by an exhaust system IQb via an ion intro- 
duction aperture 9a and a differential pumping portion 
1 1 which is exhausted by an exhaust system 10a. 
[0029] Ions introduced into a vacuum are analyzed in 
mass by a mass spectrometric portion 1 3. The ionization 
portion 6 may be installed in the differential pumping 
portion 11. The differential pumping portion 11 has a 
pressure between several Pascal to several hundreds 
Pascal and can generate ions by chemical reaction be- 
cause sample molecules and reaction gas collide with 
each other. 

[0030] Fig. 2 is a drawing showing a more detailed 
structure than the constitution shown in Fig. 1 . The liquid 
chromatograph 14 comprises a mobile phase reservoir 
50 , a pump 51 , a sample introduction portion 52, a sep- 
aration column 53, and a pipe 1. A mobile phase in the 
mobile phase reservoir 50 is pumped up by the pump 
51 and sent to the sample introduction portion 52 and 
the separation column 53 at the predetermined flow rate 
via the pipe 1 . The sample is introduced from the sample 
introduction portion 52 and sent to the separation col- 
umn 53 together with the mobile phase. The separation 
column 53 is filled up with a packing material. The sam- 
ple is separated by interaction with the packing material. 
The sample solution elutedfrom the separation column 
53 is introduced into the metallic tube 3 via the pipe 1 
and the connector 2. When a high voltage is applied be- 
tween the metallic tube 3 and the metallic block 4b by 
using a high voltage source 8b, charges with the same 
sign are accumulated on the surface of the solution by 
the electric field in the neighborhood of the end of the 
metallic tube 3. When the electrostatic repulsion force 
generated by the accumulated charges becomes 
stronger than the surface tension of the solution, so- 
called electrospray for generating many fine charged 
droplets is caused. Fine droplets generated by spray are 



introduced into the vaporization portion 5 comprising the 
heated metallic block 4b. The metallic block 4b is heated 
at about 300° C by a heater (not shown in the drawing). 
Droplets generated by spray are vaporized by heat while 
5 they are passing through the aperture of the metallic 
block 4b. 

[0031] Sample molecules vaporized in the vaporiza- 
tion portion 5 are introduced into the ionization portion 
6. The needle electrode 7 is installed in the ionization 

io portion 6. When a high voltage is applied to this needle 
electrode 7 by using the high voltage source 8a, a co- 
rona discharge is generated in the ionization portion 6. 
When gaseous sample molecules obtained by volatili- 
zation of droplets reach the corona discharge portion, a 

is chemical reaction, with primary ions such as hydronium 
ions generated by the corona discharge is caused and 
ionization of sample molecules is realized. K 
[0032] In this case, since the sample solution is 
sprayed by electrospray, nonvolatile compounds will not 

20 be salted out by vaporization of solvent molecules and 
the metallic tube 3 can be prevented from clogging up. 
The part of the nonvolatile compounds in the solution 
which is ionized is converted to gaseous ions by elec- 
trospray These ions are captured by the metallic block 

25 4b constituting the vaporization portion 5 or the trajec- 
tory thereof is curved by the potential applied to the nee- 
dle electrode 7 installed in the ionization portion 6, so 
that they cannot reach the ion introduction aperture 9a, 
Therefore, even if a sample solution containing nonvol- 

30 atile compounds is used, the nonvolatile compounds will 
not salt out around the ion introduction aperture 9a and 
there is no possibility that the ion introduction aperture 
9a is clogged up. >- 
[0033] Therefore, according to the present invention, 

35 even if a sample solution containing nonvolatile com- 
pounds of high concentration is introduced, an ion 
source for generating ions of a substance to be analyzed 
stably for many hours can be realized. Furthermore, ac- 
cording to the present invention, a mass spectrometric 

*o apparatus for analyzing a sample solution containing 
nonvolatile compounds of high concentration stably for 
many hours can be realized. 

[0034] The polarity (positive or negative) of voltages 
to be applied to the needle electrode 7 and the metallic 

45 tube 3 by the high voltage sources 8a and 8b may be 
switched independently of each other according to the 
property of a substance to be analyzed and the property 
of nonvolatile compounds in the sample solution. For ex- 
ample, when a substance to be analyzed has a strong 

so proton affinity and is apt to be converted to protonated 
ions, ft is desirable to apply a positive voltage to the nee- 
dle electrode 7. When a substance to be analyzed has 
a property that negative ions which are deprotonated 
are easily generated, it is desirable to apply a negative 

55 voltage to the needle electrode 7. 

[0035] Next, the effect of the present invention de- 
scribed in Fig. 2 will be explained on the basis of the 
experimental results. A 50% methanol water solution 
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containing sodium dihydrogenphosphate having a con- 
centration of 20 mill imoI/J iter is used as a mobile phase 
and fed to the ion source by an LC pump at a flow rate 
of 50 micro liter per minute. p-hydroxytheophylline(con- 
centration 100 ppm) is used as a sample. This sample s 
is introduced from an LC sample injector in units of 2 
micro liters each time by taking time. The mass spec- 
trometer monitors protonated molecular ions (molecular 
weight 225) of p-hydroxytheophylline. 
[0036] Fig. 1 1 shows a change with time of the ion in- io 
tensity observed by an apparatus using the convention- 
al atmospheric pressure chemical ionization method. 
The ion intensity starts reduction about 30 minutes after 
start of analysis. When the apparatus is disassembled 
and examined, it is found that the cause of reduction of 'is 
the ion intensity is that a nonvolatile salt (sodium phos- 
phate) in the mobile phase salts out in the neighborhood 
of the ion introduction aperture and the ion introduction 
aperture is clogged up. 

[0037] Fig. 12 shows a change with time of the ion 20 
intensity measured by using the apparatus of the 
present invention shown in Fig. 2. The dotted line shown 
in the drawing indicales the mean level of the maximum 
values of the ion intensity when each sample is intro- 
duced and almost the same intensity is obtained over a 2s 
period of 6 hours. As shown in Fig. 1 2, according to the 
present invention, even if a mobile phase containing a 
nonvolatile salt is introduced into the ion source, a re- 
duction in the ion intensity caused by clogging of the 
metallic tube or ion introduction aperture is not seen and 30 
ions are observed stably for many hours. 
[0038] As shown in Fig. 1 1 , if a mobile phase contain- 
ing a nonvolatile salt is used in the conventional LC/MS 
under the aforementioned condition, a cleaning opera- 
tion for the aperture and others is required every anal- 35 
ysis for about 30 minutes. To clean the aperture, it is 
necessary to stop the exhaust system and disassemble 
the apparatus. To restart analysis, it requires about 2 
hours including the time of reexhaust after completion 
of cleaning, so that the operability as an analytical ap- 40 
paratus is extremely bad. Furthermore, when the vacu- 
um pump starts exhausting from the atmospheric pres- 
sure to a vacuum, it is applied with a great load, so that 
repetition of stopping and reexhaust ing the exhaust sys- 
tem is a factor for shortening the life time of the vacuum *s 
pump. Furthermore, when the apparatus is disassem- 
bled and assembled again, the analytical conditions are 
changed by a shift in installation position of each part 
constituting the ion source and a change in temperature 
of the heating part, and the reproducibility of the ion in- so 
tensity observed by the mass spectrometer is bad, and 
the accuracy of quantitative analysis of a substance to 
be analyzed gets worse. In the conventional apparatus, 
it is necessary to end one analysis including adjustment 
of the ion source for 30 minutes during which ions are 55 
observed stably. However, a time of 30 minutes is not 
always sufficient for use of the separation ability of the 
LC at its maximum. For example, there is a method 



available for changing the composition of a mobile 
phase with time and eluting a substance to be analyzed. 
However, if the composition is changed in a short time, 
no sufficient separation may be obtained. The cause 
thereof is considered to be that if the composition of the 
mobile phase is changed too fast, the packing material 
in the separation column and the mobile phase cannot 
be Kept in the equilibrium state. 
[0039] The apparatus of the present invention can be 
used continuously for about 10 hours even if a mobile 
phase containing a nonvolatile salt which is convention- 
ally difficult to use is used. If an operator cleans and ad- 
justs the apparatus before starting operation every, 
morning, he can obtain data during his operation in a 
day. Therefore, the apparatus of the present invention 
has advantages thai the.operability is remarkably im- 
proved compared with a conventional apparatus, and 
the burden imposed on the vacuum pump is lightened, 
and the life time of the vacuum pump can be lengthened. 
The apparatus of the present invention is characterized 
in that since it can repeat measurement under the same 
analytical condition, the accuracy of quantitative analy- 
sis is high and a sufficient time can be put in separation, 
so that analysis by the LC/MS fully utilizing the separa- 
tion ability of the LC is possible. 
[0040] Whether a problem that ions cannot be ob- 
served stably due to clogging of the metallic tube or ap- 
erture arises or not depends on the kind of nonvolatile 
substances and the total amount (namely, the concen- 
tration of nonvolatile substances and the flow rate of the 
solution) sent to the ton source. 

[0041 ] For example, there is a capillary elect rophorsis 
method (hereinafter abbreviated to CE) available as a 
separation means different from the LC. This is a meth- 
od for separating a sample by electrophorsis using a 
fused-sitica capillary of several tens microns in inner di- 
ameter. A buffer solution containing a nonvolatile salt 
having a concentration of several tens millimol/liter may 
be used as a separation medium of CE. A How of a buffer 
solution which is called an electroosmosis flow is gen- 
erated due to dissociation of the inner wall of the capil- 
lary, though the rate of electroosmosis flow is generally 
low such as 0.1 micro liter per minute or less. Therefore, 
in a so-called CE/MS using an MS as a CE detector, a 
problem of clogging of the aperture will not arise. 
[0042] When the flow rate of a solution sent from the 
LC is high and it is difficult to continue electrospray sta- 
bly, as shown in Fig. 2, a splitter 16 may be installed so 
as to introduce a part of the solution into the metallic 
tube 3. Also as shown in Fig. 2, a spray gas 17 may flow 
from the outside of the metallic tube 3 so as to assist the 
electrospray. 

[0043] When a narrow separation column with an in- 
ner diameter of from several tens microns to several 
hundreds microns which is called a capillary column is 
used in the LC, it may be difficult to continue the elec- 
trospray stably because the flow rate of a solution sent 
from the LC is low. It may be also difficult to continue the 
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electrospray stably because the viscosity or electric 
conductivity of the solution is excessively high depend- 
ing on the concentration of the solute. II this occurs, also 
shown in Fig. 2, it is possible to provide an area for flow- 
ing an auxiliary spray solution 18 around the metallic 5 
tube 3 and mix it with a solution sent from the LC in the 
neighborhood of the end of the metallic tube 3 so as to 
set the flow rate, viscosity, and electric conductivity to 
the conditions for continuing the electrospray stably. 
[0044] As shown in Fig. 3, the end of the metallic tube to 
3 may be placed in the vaporization portion 5. Also as 
shown in Fig. 3, a solution may be sprayed directly to- 
ward the metallic block 4b. A sample solution is subject- 
ed to first ionization, that is, electrospray at a high volt- 
age applied between the metallic tube 3 and the metallic is 
block 4b by the high voltage source 8b. The metallic tube 
3 and the metallic block 4b are insulated from each other 
by an insulating tube 1 9. Droplets sprayed to the metallic 
block 4b which is heated to a temperature higher than 
the boiling point of the solution are vaporized instanta- 20 
neously and gaseous sample molecules are obtained. 
When sample molecules reach the corona discharge 
portion, they are chemically reacted with primary ions 
such as hydronium ions generated by corona discharge 
and ionization of sample molecules is realized by sec- 2& 
ond ionization, that is, chemical ionization. Ions of sam- 
ple molecules are fetched by the high vacuum portion 
1 2 which is exhausted to about 1 0-3 Pa by the exhaust 
system lOb via the differential pumping portion 11 which 
is exhausted to from several tens Pa to several hun- 30 
dreds Pa by the ion introduction aperture 9a and the ex- 
haust system 10a and the mass thereof is analyzed by 
the mass spectrometric portion 1 3. . 
[0045] To increase the arrival efficiency of sample 
molecules to the ionization portion, as shown in Fig. 3, 35 
it is possible to provide an inclined wall inside the me- 
tallic block 4b, (10) electrostatically spray sample mole- 
cules toward the inclined wall in the oblique direction, 
and (10) flow a gas 20 such as nitrogen gas toward the 
ionization portion. It is desirable to preheat the gas 20 
at a temperature higher than the room temperature. 
[0046] When large droplets are generated by electro- 
spray in an apparatus having the constitution shown in 
Fig. 2, they cannot be vaporized perfectly in the vapor- 
ization portion 5 by the heated metallic block 4b and may 45 
reach the ionization portion 6 where a corona discharge 
is generated by the needle electrode 7 as they are. 
When droplets reach the portion where a corona is gen- 
erated, there is a possibility that they short-circuit the 
needle electrode 7 and the ion introduction aperture 9a so 
and the high voltage source 8a or others may be dam- 
aged. 

[0047] To prevent it, as shown in Fig. 4, it is possible 
to arrang e an e lect rode 21 a so as to shie Id the ionization 
portion 6 where a corona discharge is generated by the ss 
end of the metallic tube 3 and the needle electrode 7 
and electrostatically spray droplets toward the electrode 
21a. In this case, to increase the vaporization efficiency 



• of droplets, it is desirable to heat the electrode 21a by 
a heater 22a beforehand, in an apparatus having the 
constitution shown in Fig. 4, gaseous molecules are 
transported and ionized in the ionization portion 6, so 
that a short-circuit due to droplets adhered to the needle 
electrode 7 can be avoided. In Fig. 4, the shape of the 
electrode 21 a may be not only laminar but also meshed. 
To increase the arrival efficiency of sample molecules 
to the ionization portion 6, it is possible to flow a gas 20 
toward the ionization portion 6 as shown in Fig. 3. 
[0048] In the embodiments shown in Figs. 2 to 4, a 
constitution in which a heated metallic block is used as 
a means for vaporizing droplets is shown. However, a 
method for irradiating infrared light may be used for va- 
porization of droplets. 

[0049] Fig. 5 shows an embodiment using irradiation 
of infrared light as a vaporization means. A sample so- 
lution is electrostatically sprayed at a voltage applied be- 
tween the metallic tube 3 and a mesh 23a. It is desirable 
that the mesh 23a is heated beforehand. Droplets ob- 
tained by spray are sent to the vaporization portion 5. 
Infrared light emitted from a heater 22b connected to a 
power source 24 is irradiated to droplets in the vapori- 
zation portion 5 so as to vaporize them. When the heater 
22b is degraded because droplets collide directly with 
it, it is possible to install a glass tube 25 inside the heater 
22b so as to protect it. To increase the vaporization ef- 
ficiency of droplets, it is desirable to remove water vapor 
in the spray gas 17 beforehand. It is also desirable to 
heat the spray gas 17 at the room temperature or higher 
beforehand. Gaseous sample molecules obtained in the 
vaporization portion 5 are ionized in the ionization por- 
tion 6. 

[0050] In an apparatus having the constitution shown 
in Figs. 2 to 5, a sample solution containing nonvolatile 
compounds can be used in the LC/MS. However, when 
a sample solution containing nonvolatile compounds of 
an extremely high concentration is introduced into the 
ion source or the analysis requires more hours, it is pos- 
sible to change the spray direction of the sample solu- 
tion to a direction different from the arrangement direc- 
tion of the ion introduction aperture. Fig. 6 shows an ex- 
ample in which a sample solution is sprayed perpendic- 
ularly to the center axis of the ion introduction aperture 
9a. The sample solution introduced intothe metallic tube 
3 is sprayed toward an opposite electrode 21b. It is de- 
sirable that the electrode 21 b is heated at a temperature 
higher than the boiling point of the solution beforehand. 
[0051] Nonvolatile compounds are salted out on the 
electrode 21b. Volatile sample molecules are vaporized 
and introduced into the ionization portion 6 via the heat- 
ed metallic block 4b. To increase the arrival efficiency of 
sample molecules to the ionization portion 6, it is possi- 
ble to install a gas feed port 26 and flow a gas 20 such 
as dry nitrogen gas toward the ionization portion 6. It is 
desirable to heat the gas 20 beforehand. It is possible 
that by installing an exhaust port 27 and exhausting gas 
outside from the exhaust port, a gas flow is generated 
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toward the ionization portion 6 from the portion where 
the solution is sprayed and sample molecules are intro- 
duced efficiently into the ionization portion 6. 
[0052] In Fig. 6. the electrospray method is described 
as a method for spraying a solution. However, to change 
the spray direction of a sample solution to a direction 
different from the arrangement direction of the ion intro- 
duction aperture, it is possible to use a spray method 
other than electrospray, for example, heating spray or 
ultrasonic spray. When a substance to be analyzed is 
volatile, it is heated, vaporized, and diffused on the elec- 
trode 21b and reaches the ionization portion 6. 
[O0S3] In an apparatus having the constitution shown 
in Fig. 6, nonvolatile compounds salt out on the elec- 
trode 21b. Therefore, by removing and cleaning only this 
electrode 21b, it can be maintained easily. 
[0054] Fig. 7 is a drawing showing a constitution in 
which a solution is sprayed toward a mesh 23b in place 
of the opposite electrode 21 b shown in Fig. 6. It is de- 
sirable to heat the mesh 23b beforehand. A pan 28 can 
be installed behind the mesh 23b and maintained simply 
by exchanging. Furthermore, a solution collected in the 
pan 28 is sampled and an analytical means other than 
the mass spectrometry, for example, an analytical meth- 
od using fluorescence or emission or an immunological 
analytical method may be executed for it. 
[0055] The present invention is characterized in that 
nonvolatile compounds in a solution are ionized by the 
first ionization means and then removed by the electric 
field and a substance to be analyzed which is not ionized 
by the first ionization means is ionized by the second 
ionization means and analyzed. Therefore, if nonvolatile 
compounds can be ionized; the first ionization means 
may not be the electrospray method. Fig. B shows an 
embodiment in which the gas spray ionization method 
is used as a first ionization means. 
[0056] A sample solution is introduced into a capillary 
61 via the pipe 1 and the connector 2. The capillary 61 ' 
may be a metallic tube or an insulating tube. A spray 
gas introduction tube $2 is arranged around the capillary 
61 and the spray gas 1 7 flows in it. When the spray gas 
17 increases its speed, the solution is crushed to pieces 
and fine droplets are generated. In the droplets obtained 
by doing this, nonvolatile compounds which exist in the 
solution as ions are fetched. When the solvent is evap- 
orated from the droplets, gaseous ions of the nonvolatile 
compounds are generated. The trajectory of the gase- 
ous ions is curved by the potential applied to the needle 
electrode 7 installed in the ionization portion 6, so that 
the ions cannot reach the ion introduction aperture 9a. 
As a result, the nonvolatile compounds do not salt out 
in the neighborhood of the ion introduction aperture 9a 
and the ion introduction aperture 9a is not clogged up. 
A substance to be analyzed which is electrically neutral 
reaches the ionization portion 6 by diffusion in the same 
way as with the embodiment shown in Fig. 2 and is ion- 
ized and analyzed. To promote vaporization of droplets, 
the vaporization portion 5 comprising the heated metal- 



lic block 4b may be installed. Droplets are vaporized by 
heat while they are passing through the aperture of the 
metallic block 4b. To increase the efficiency for removing 
ions of nonvolatile compounds, it is possible to generate 
5 an electric field between the spray gas introduction tube 
62 and the metallic block 4b by the high voltage source 
8c. Ions of nonvolatile compounds are drifted by the 
electric field in the direction of the metallic block 4b or 
the spray gas introduction tube 62 according to the ion 
io polarity and captured by the metallic block 4b or the 
spray gas introduction tube 62. 
[0057] As shown by the above description, according 
to the present invention, even if a solution containing 
nonvolatile compounds of high concentration is int ro- 
ts duced into the ion source, the capillary for spraying the 
solution and the aperture for fetching ions generated un- 
der the atmospheric pressure into a vacuum can be pre- 
vented from clogging up. As a result, a substance to be 
analyzed in the solution can be ionized stably for many 
so hours and the ions can be introduced and analyzed in 
the spectrometric portion arranged in a vacuum. There- 
fore, a sample obtained from a living matter or environ- 
ment can be analyzed without a complicated pretreat- 
ment being executed. Furthermore, a mobile phase con- 
25 taining a nonvolatile salt which cannot be used for many 
hours in a conventional LC/MS can be used, so that 
analysis by the LC/MS fully utilizing the separation abil- 
ity of the LC is possible. 

[0058] Main symbols used in the drawings mentioned 

30 above are shown below in a batch. 

1: Pipe, 2: Connector, 3: Metallic tube, 4a, 4b: Metallic 
blocks, 5: vaporization portion, 6: Ionization portion, 7: 
Needle electrode, 8a, 8b, 8c: High voltage sources, 9a, 
9b: Ion introduction apertures: 10a, 10b: Exhaust sys- 

35 terns, 1 1 : Differential pumping portion, 12: High vacuum 
portion, 1 3: Mass spectrometric portion, 14: Liquid chro- 
matograph, 15: Electrospray portion, 16: Splitter, 17: 
Spray gas, 18: Auxiliary spray solution, 19: Insulating 
tube, 20: Gas, 21a, 21b, 21c: Electrodes, 22a, 22b: 

*o Heaters, 23a, 23b: Meshes, 24: Power source, 25: 
Glasstube, 26: Gas feed port, 27: Exhaust port, 28: Pan, 
30: Power source, 31 : Deflection electrode, 32: Capture 
plate, 40: Spray gas outlet, 41 : Shielding plate, 50: Mo- 
bile phase reservoir, 51: Pump, 52: Sample introduction 

*s portion, 53: Separation column, 60: Gas spray ion gen- 
eration port, 61: Capillary, 62: Spray gas introduction 
tube. 



so Claims 

1 . A mass spectrometric apparatus comprising 

supplying means ( 1 4) for supplying a sample 
solution in-cluding a solvent and a solute to an out- 
ss let; 

first ionisation means (1 5; 60) for receiving the 
sample solution from the outlet and spraying the re- 
ceived sample solution, thereby ionising at least a 
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portion of the received sample solution; 

second ionisation means (6) for receiving at 
least a portion of the sprayed sample solution pro- 
duced by the first ionisation means and ionising at 
least a portion of the received sprayed sample so- 
lution, thereby producing ions; and 

analysing means (13) for receiving at least 
some of the ions produced by the second ionisation 
means and analysing masses of the received ions; 

characterised in that 

said second ionisation means (6) is capable 
to cause the received sprayed sample solution to 
perform a chemical reaction at atmospheric pres- 
sure or substantially atmospheric pressure, thereby 
producing said ions. 

The mass spectrometry apparatus according to 
claim 1 , wherein said second ionisation means (6) 
comprises an electrode (7) for generating an elec- 
tric field to eliminate at least a portion of the ions 
produced by the first ionisation means (15). 

The mass spectrometry apparatus according to 
claim 2, wherein said electrode (7) is a needle elec- 
trode producing a corona discharge. 

The mass spectrometry apparatus according to 
any of claims 1 to 3, wherein the first ionisation 
means (15; 60) is located at atmospheric pressure 
or substantially atmospheric pressure, and wherein 
the analysing means (30) includes an analysing 
chamber (1 2) having an aperture (9) for receiving 
at least some of the ions, the analysing chamber 
analysing masses of the received ions. 

The mass spectrometry apparatus according to 
any of claims 1 to 4, wherein said first ionisation 
means (15; 60) is capable to gas-spray or electro- 
spray the received sample solution, thereby ionis- 
ing at least a portion of the received sample solu- 
tion. 

The mass spectrometry apparatus according to 
any of claims 1 to 5, wherein the supplying means 
. (14) comprises means (16) for keeping the sample 
solution at a predetermined flow rate. 

The mass spectrometry apparatus according to 
any of claims 1 to 6, wherein the supplying means 
(14) comprises means (53) for separating sub- 
stance in said sample solution by components. 

The mass spectrometry apparatus according to 
any of claims 1 to 7, further comprising vaporisation 
means (5) provided between said first and second 
ionisation means (15; 60; 6) for vaporising the sam- 
ple solution sprayed by 6aid first ionisation means. 



9. The mass spectrometry apparatus according to 
claim 8, wherein said vaporisation means (5) com- 
prises a heated metallic block (4b) which includes 
an aperture in which the sprayed sample solution is 

5 vaporised by heat while passing therethrough. 

10. The mass spectrometry apparatus according to 
claims 8 or 9, further comprising a high voltage 
source (8) for applying a high voltage between the 

io first ionisation means (15; 60) and the vaporising 
means (5). 

11. The mass spectrometry apparatus according to 
claim 9, wherein said first ionisation means (1 5) in- 

15 eludes a metallic tube (3) for electro-spraying the 
sample solution which is arranged in said heated 
metallic block (4b) of said vaporisation means (5). 

12. The mass spectrometry apparatus according to 
so claim 10, wherein said metallic tube (3) is provided 

in an angular manner with respect to an aperture of 
the heated metaliy block (4b), and wherein gas is 
introduced in said metaliy block to flow the sprayed 
sample solution to the second ionisation means (6). 

13. The mass spectrometry apparatus according to 
claim 1 1 , comprising a laminar or meshed electrode 
(28) which is located behind the metallic tube (3) 
and is preferably heated. 

14. The mass spectrometry apparatus according to 
any of claims 1 to 1 3, comprising an electrode (21b) 
or a mesh (23b) onto which the sample solution is 
sprayed by said first ionisation means (15). 
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15. An analytrcal method comprising the steps of 

. preparing a sample solution including a sol- 
vent and a solute; 

spraying the sample solution by first ionisation 
means (15; 60) thereby ionising at least a portion of 
the sample solution; 

ionising at least a portion of the sprayed sam- 
ple solution by second ionisation means (6) thereby 
producing ions; and_ 

receiving through an aperture of an analysing 
chamber at least some of the ions produced by the 
second ionisation means and analysing masses of 
the received ions; 

characterised in that 

said ionising step performed by the second 
ionisation means (6) includes a step of causing the 
sprayed sample solution to perform a chemical re- 
action at atmospheric pressure or substantially at- 
mospheric pressure, thereby producing said ions. 

16. The method according to claim 15, wherein said 
ionising step performed by. the second ionisation 
means (6) includes a further step of generating an 
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electric field to eliminate at least a portion of the ions 
produced by the first ionisation means (15). 

17. The method according to claims 15 or 16, wherein 
said spraying step performed by the first ionisation 
means (15; 60) includes a step of electro-spraying 
or gas-spraying the sample solution at atmospheric 
pressure or substantially atmospheric pressure, 
thereby ionising the portion of the sample solution, 

18. The method according to any of claims 15 to 17, 
I u rther comprising a step of separating the prepared 
sample solution into components. 



PatentansprOche 

1 . Massenspektrometer mit 

einer Zufuhreinrichtung (14) zum Zufflhren ei- 
ner ein Losungsmittel und Geldstes enthaitenden 
Probenlosung an einen AuslaG; 

einer ersten lonisiereinrichtung (15; 60) zum 
Aufnehmen der Probenlosung aus derri AuslaQ und 
Zerstauben der aufgenommenen Probenlosung, 
wobei wenigstens einen Teil der aufgenommenen 
Probenlosung ionisiert wird; 

einer zweiten lonisiereinrichtung (6) zum Auf- 
nehmen wenigstens eines Teils der durch die erste 
lonisiereinrichtung erzeugten zerstaubten Proben- 
losung, und zum lonisieren wenigstens eines Teils 
der aufgenommenen zerstaubten Probenlosung, 
wobei Ion en entstehen; und 

einer Analyseeinrichtung (13) zum Aufneh- 
men wenigstens einiger der durch die zweite loni- 
siereinrichtung erzeugten lonen und Analysieren 
der Masse der aufgenommenen lonen; 

dadurch gekennzeichnet, daB die zweite loni- 
siereinrichtung (6) bewirkl, daG die aufgenommene 
zerstaubte Probelosung eine chemische Reaktion 
bei Atmospharendruck oder im wesentlichen bei At- 
mospharendruck ausfuhrt, urn die lonen zu erzeu- 
gen. 

2. Massenspektrometer nach Anspruch 1 , wobei die 
zweite lonisiereinrichtung (6) eine Elektrode (7) 
zum Erzeugen eines elektrischen Feldes aufweist, 
um wenigstens einen Teil der durch die erste loni- 
siereinrichtung (15) erzeugten lonen zu beseitigen. 

3. Massenspektrometer nach Anspruch 2, wobei die 
Elektrode (7) eine Nadelelektrode ist, die eine 
Glimmentladung erzeugt. 

4. Massenspektrometer nach einem der AnsprOche 1 
bis 3, wobei die erste lonisiereinrichtung (15; 60) 
unter Atmospharendruck Oder im wesentlichen un- 
ter Atmospharendruck steht, wobei die Analyseein- 
richtung (30) eine Analysekammer (12) mit einer 



Offnung (9) zum Aufnehmen wenigstens einiger der 
lonen aufweist, und wobei die Analysekammer die 
Masse der aufgenommenen lonen analysiert. 

5 5. Massenspektrometer nach einem der Anspruche 1 
bis 4, wobei die erste lonisiereinrichtung (15; 60) 
eine Gas- oder Elektro-Zerstaubung der aufgenom- 
menen Probenlosung gestattet, um wenigstens ei- 
nen Teil der aufgenommenen Probenlosung zu io- 
io nisteren. 

6. Massenspektrometer nach einem der Anspruche 1 
bis 5, wobei die Zufuhreinrichtung (40) eine Einrich- 
tung (16) aufweist, die die Probenlosung auf einer 

15 vorbestimmten Durch-fluGgeschwindigkeit halt. 

7. Massenspektrometer nach einem der Anspruche 1 
bis 6, wobei die Zufuhreinrichtung (14) eine Einrich- 
tung (53) zum Zerlegen der Substanz in der Pror 

20 benlosung in Komponenten aufweist. 

8. Massenspektrometer nach einem der Anspruche 1 
bis 7, mit ferner einer zwischen der ersten und zwei- 
ten lonisiereinrichtung (15; 60; 6) vorgesehenen 

25 Verdampfereinrichtung (5) zum Verdampfen der 
durch die erste lonisiereinrichtung zerstaubten Pro- 
benlosung. 

9. Massenspektrometer nach Anspruch 8, wobei die 
3o Verdampfereinrichtung (7) einen beheizten Metal I- 

block (4b) mit einer Offnung aufweist, in der die zer- 
staubte Probenlosung beim Durchstromen mitt els 
Warms zerstaubt wird. 

35 10. Massenspektrometer nach Anspruch 8 oder 9, mit 
ferner einer Hochspannungsquelle (B) zum Ante- 
gen einer Hochspannung zwischen der erstsn loni- 
siereinrichtung (15; 60) und der Verdampfereinrich- 
tung (5). 

40 

11. Massenspektrometer nach Anspruch 9, wobei die 
erste lonisiereinrichtung (50) ein in dem beheizten 
Metaliblock (45) der Verdampfereinrichtung (5) an- 
geordnetes Metailrohr (3) zum Elektro-Zerstaubeh 

4S der Probenlosung aufweist. 

1 2. Massenspektrometer nach Anspruch 1 0, wobei das 
Metailrohr (3) unter einem Winkel zu einer Offnung 
des beheizten Metailblocks (4b) angeordnet ist, und 

50 wobei Gas in den Metaliblock eingefuhrt wird, um 
sine Stromung der zerstaubten Probenlosung zur 
zweiten lonisiereinrichtung (6) zu erzeugen. 

13. Massenspektrometer nach Anspruch 12, mit einer 
55 hinter dem Metailrohr (3) angeordneten und vor- 

zugsweise beheizten lamellen- Oder gitterfdrmigen 
Elektrode (28). 
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14. Massenspektrometer nach einam der Anspruche 1 
bis 13, mit einer Elektrode (21b) oder einem Gitter 
(23b), auf die bzw das die Probenlosung durch die 
erete lonisiereinrichtung (15) zerstaubt wind. 

15. Analyseverfahren, wobei 

eine ein Losungsmrttel und Gelostes enthal- 
tenda Probenlosung erzeugt wird, 

die Probenlosung durch eine erste lonisier- 
einrichtung (15; 60) zerstaubt wird. um wenigstens 
einen Teil davon zu ionisieren; 

wenigstens ein Teil der zerstaubten Proben- 
losung durch eine zweite lonisiereinrichtung (6) io- 
nisiert wird, um lonen zu erzeugen; und 

wenigstens ein Teil der von der zweiten loni- 
siereinrichtung erzeugten lonen durch eine Oflnung 
der Analysekammer aufgenommen und die Masse 
der aufgenommenen lonen analysiert wird; 

dadurch gekennzeichnet, daQ bei der durch 
die zweite lonisiereinrichtung (6) ausgefuhrten lo- 
nisierung bewirkt wird, daB die zerstaubte Proben- 
losung eine chemische Reaktion bei.Almospharen- 
druck bder im wesentlichen bei Atmospharendruck 
ausfuhrt, um lonen zu erzeugen. 

16. Verfahren nach Anspruch 15, wobei bei der durch 
die zwerte lonisiereinrichtung (6) ausgefuhrten lo- 
nisierung ein elektrisches Feld erzeugt wird. um we- 
nigstens einen Teil der durch die erste lonisierein- 
richtung (15) erzeugten lonen zubeseitigen. 

17. Verfahren nach Anspruch 15 oder 16, wobei beim 
Zerstauben durch die erste lonisiereinrichtung (15; 
60) ein Elektro- Zerstauben oder Gas-Zerstauben 
der Probenlosung bei Atmospharendruck oder im 
wesentlichen bei Atmospharendruck etlolgt, um 
den Teil der Probenlosung zu ionisieren. 

1 8. Verfahren nach einem der Anspruche 1 5 bis 17, wo- 
bei die hergestellte Probenlosung in Komponenten 
zerlegt wird. 



Revindications 

1 . Dispositif de spactrom6trie de masse comportanl 
des moyens d'alimentation (14) pour alimen- 
ter una solution d'echantiilon incluant un solvant et 
un solute dans un orifice de sortie, 

des premiers moyens d'ionisation (15; 60) 
pour recevoir la solution d'echantiilon depuis i'orifi- 
ce de sortie et pulveriser la solution d'echantiilon 
recue, en ionisant ainsi au moins une partie de la 
solution d'echantiilon recue, 

des seconds moyens d'ionisation (6) pour re- 
cevoir au moins une partie de la solution d'echan- 
tiilon pulverisee produite par les premiers moyens 
d'ionisation et ioniser au moins une partie de la so- 



lution d'echantiilon pulverisee recue, en produisant 
ainsi des ions, et 

des moyens d'analyse (13) pour recevoir au 
moins certains des ions produite par les seconds 
5 moyens d'ionisation et analyser les masses des 
ions recus, 

caract arise - en ce que 

lesdits seconds moyens d'ionisation (6) son! 
capables d'amener la solution d'echantiilon pulve- 
io risee recue a effect uer une reaction chimique a une 
pression atmospherique ou a una, preesion sensi- 
blement atmospherique, en produisant ainsi lesdits 
ions, 

is 2. Dispositif de spectrometrie de masse selon la re- 
vendicalion 1, dans lequel lesdits seconds moyens 
d'ionisation (6) comport ent une electrode" (7) pour 
creer un champ electrique afin d'eliminer au moins 
une partie des ions produits par les premiers 

20 moyens d'ionisation (15). 

3. Dispositif de spectrometrie de masse selon la re- 
vendication 2, dans lequel ladite electrode (7) est 
une electrode en forme d'aiguille produisant unede- 

25 charge par eff et corona. 

4. Dispositif de spectrometrie de masse selon I'une 
quelconque des revendications 1 a 3, dans lequel 
les premiers moyens d'ionisation (15; 60) sont a 

30 une pression atmospherique ou a une pression sen* 
siblement atmospherique, et dans lequel les 
moyens d'analyse (30) incluent une chambre d'ana- 
lyse (12) ayant une ouverture (9) pour recevoir au 
moins certains des ions, la chambre d'analyse ana- 

35 lysant les masses des ions recus. 

5. Dispositif de spectrometrie de masse selon Tune 
quelconque des revendications 1 a 4, dans lequel 
lesdits premiers moyens d'ionisation (15 ; 60) sont 

4o capables d'effectuer une pulverisation gazeuse ou 
electrique de la solution d'echantiilon recue, en io- 
nisant ainsi au moins une partie de la solution 
d'echantiilon recue. 
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Dispositif de spectrometrie de masse selon I'une 
quelconque des revendications 1 a 5, dans lequel 
les moyens d'alimentation (14) comportent des 
moyens (16) pourmaintenir la solution d'echantiilon 
a un debit predetermine. 



7. Dispositif de spectrometrie de masse selon Tune 
quelconque des revendications 1 a 6, dans lequel 
les moyens d'alimentation (14) comportent des 
moyens (53) pour separer en composants une 

55 substance de ladite solution d'echantiilon. 

8. Dispositif de spectrometrie de masse selon I'une 
quelconque des revendications 1 a 7, comportant 
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de plus des moyens da vaporisation (5) agancas 
entre lesdits premiers et seconds moyens d'ionisa- 
tion (15; 60; 6) afin de vaporiser la solution 
d'echantillon purveVisee par lesdits premiers 
moyens d'ionisation. 5 

9. Dispositif de spectrometrie de masse selon la re- 
vendication 8, dans lequei lesdits moyens de vapo- 
risation (5) comportent un bloc metallique chauffe 
(4b) qui inclut une ouverture dans laquella la solu- to 
tion d'echantillon pulverisee est vaporis^e sous 
Taction de la chaleur tout en passant a t ravers celle- 
ci. 



10. Dispositif de spectrometrie de masse selon la re- 
vendication 6 ou 9, comportant de plus une source 
a haute tension (8) pour appliquer urie haute ten- 
sion entre les premiers moyens d'ionisation (15 ; 
60) et les moyens de vaporisation (5) . 

11. Dispositif de spectrometrie de masse selon la re- 
vendication 9, dans lequei lesdits premiers moyens 
d'ionisation (1 5) incluent un tube metallique (3) pour 
effectuer une pulverisation eiectrique de la solution 
d'echantillon qui est dispose dans ledit bloc metal- 
ltque chauffe (4b) desdrts moyens de vaporisation 
(5). 

12. Dispositif de spectrometrie de masse selon la re- 
vendication 10. dans lequei ledit tube metallique (3) 
est agence" en formant un angle avec une ouverture 
du bloc metallique chauffe (4b), et dans lequei du 
gaz est introduit dans ledit bloc metallique pour faire 
s'ecouler la solution d'echantillon pulverisee dans 
les seconds moyens d'ionisation (6). 



recevoir a travers una ouverture d'une chanv 
bre d'analyse au moins certains des ions produrts 
par les seconds moyens d'ionisation et analyser les 
masses des ions recus, 
caractensa en ce que 

ladite etape d'ionisation eff ectu£e par les se- 
conds moyens d'ionisation (6) inclut une etape con- 
sistent a amener la solution d'echantillon pulverisee 
a effectuer une reaction chimique a pression atmos- 
pherique ou a une pression pratiquement atmos- 
pherique, en produisant ainsi lesdits ions. 

16. Precede selon la revendication 15, dans lequei la- 
dite etape d'ionisation effectuee par les seconds 

is moyens d'ionisation (6) inclut une etape supple- 
mental consistant a cr6er un champ eiectrique 
afin d'eliminerau moins une partie des ions, produits 
par les premiers moyens d'ionisation (15). 

17. Procad6 salon les revendications 15 ou 16, dans 
lequei ladite etape de pulverisation effectuee par 
les premiers moyens d'ionisation (15; 60) inclut une 
etape de pulverisation eiectrique ou gaze use de la 
solution d'echantillon a pression atmospherique ou 
a une pression pratiquement atmospherique, en io- 
nisant ainsi la partie de la solution d'echantillon. 

1 8. Procede selon Tune quelconque des revendications 
15 a 17, comportant de plus une etape consistant 
a separer en composants la solution d'echantillon 
preparee. 
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13. Dispositif de spectrometrie de masse selon la re- 
vendication 11, comportant une electrode lamellaire 
ou en treillis (28) qui est situee derriere le tube me- 
tallique (3) et qui est de preference chauffee. *o 



14. Dispositif de spectrometrie de masse selon i'une 
quelconque dee revendications 1 a 13, comportant 
une electrode (21b) ou un treillis (23b) sur lesquel 

la solution d'echantillon est pulverisee par lesdits 4S 
premiers moyens d'ionisation (15). 

15. Proc6d6 analytique comportant les 6tapes consis- 
tant a : 

preparer une solution d'echantillon incluant $o 
un solvant et un solute, 

pulveriser la solution d'echantillon par des 
premiers moyens d'ionisation (15 ; 60) en ionisant 
ainsi au moins une partie de la solution d'echan- 
tillon, 55 

ioniser au moins une partie da la solution 
d'echantillon pulverisee par des seconds moyens 
d'ionisation (6) en produisant ainsi des ions, et 
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